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@ An occlusion catheter for use during therapeutic 
intervention of a blood vessel for flushing away de- 
bris indluding an elongated guide catheter (20) sized 
to be introduced into the blood vessel, an occlusion 
balloon (1 2) located at or near the distal end of the 
catheter and an inflation lumen (18) integral with the 
guide catheter and communicating with the interior 
of the balloon enabling the balloon to be inflated to 
fonn a seal between the balloon and the blood 
vessel wall. The balloon is capable of being ex- 
panded to at least 5 times its deflated diameter 
when inflated. 
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OCCLUDING CATHETER FOR TREATING CEREBRAL ARTERIES 


The present Invention relates to devices for 
treating stenoses in cerebral arteries. 

A stenosed blood vessel can be life-threatening 
and often requires therapeutic intervention. Non- 
surgical intervention procedures have been used as 
a treatment for stenosed arteries with Increasing 
regularity in recent years. Examples of non-surgical 
intervention include treatments such as balloon an- 
gioplasty, mechanical removal, laser fiber-optical 
treatment and localized chemical treatment. 

The foregoing procedures typically involve the 
percutaneous introduction of the treatment device 
into the lumen of the artery, via a catheter. For 
example, balloon angioplasty involves the use of a 
special catheter having a dilatation balloon at its 
distal end. The catheter is inserted percutaneously 
into the patient's arterial system and is advanced 
and manipulated to place the dilatation balloon 
within the stenosis in the artery. The dilatation 
balloon then is inflated under substantial pressure 
to press the plaque and plaque-laden arterial wall 
radially outwardly to enlarge the stenosed region of 
artery. When successful, this dilatation procedure 
may avoid major surgery. 

Treatment of cerebral arteries poses unusual 
risks. The above-listed forms of non-surgical treat- 
ments potentially involve the release of debris into 
the patient's circulatory system as the stenosis is 
manipulated during the treatment. Such debris may 
be carried distally by the circulating biood to more 
narrowed vessels of the brain. If the debris oc- 
cludes such narrowed vessels it may cause serious 
trauma, including stroke. Fear of such strokes thus 
far has prevented the widespread use of balloon 
angioplasty in the cerebral vascular system. The 
previous attempts to perform cerebral percuta- 
neous transluminal angioplasty have been limited 
to a small number of dilatations of proximal, extra- 
cranial vessels, and rare cases of distal intra-cranial 
vessels. 


Summary of the Invention 


The present invention permits treatment of 
both external carotid arteries and internal carotid 
arteries while eliminating/reducing the risk of em- 
bolic stroke by preventing debris from traveling 
distally toward the Circle of Willis and other critical 
arteries. An occlusion device of special design is 
placed in the cerebral artery proximal to the treat- 
ment site. The device is used to briefly occlude the 
circulating blood flow in the artery at the time the 
obstructive lesion is manipulated. Passages within 


the cerebral circulation system cause blood to flow 
retrograde towards the occlusion device, and de- 
bris may be flushed safely away from the treatment 
site either through an external carotid artery or 

5 through a central shaft of the occlusion device. 

The cerebral circulation system generally may 
be seen as divided into two sets of contralateral 
arteries, one side feeding the left side of the brain 
and the other feeding the right side. A large num- 

10 ber of major communicating vessels connects 
these contralateral arteries. As such, if pressure 
becomes low enough on a given side, the phys- 
iological pressure on the contralateral side is suffi- 
cient to cause blood to flow across the commu- 

75 nicating vessels and in a retrograde fashion to- 
wards the low pressure source. According to the 
invention, by temporarily occluding the natural an- 
tegrade flow in a cerebral vessel, this retrograde 
effect can be artificially induced and used to flush 

20 post-treatment debris safely away from the treat- 
ment site. 

The cerebral circulatory system includes a 
common cerebral artery which bifurcates into an 
internal carotid artery and an external carotid ar- 

25 tery. The external carotid artery channels biood 
distally to regions such as the face. The Internal 
carotid artery channels blood distally to the more 
narrowed biood vessels supplying the brain, includ- 
ing the vessels forming the Circle of Willis and 

30 other critical arteries. These vessels supply blood 
to regions of the brain critical to normal function. 
The temporary' disruption of the flow of blood to the 
brain via these more narrowed vessels may have a 
devastating effect. 

35 When a stenosis occurs in either or both of the 
internal and external carotid arteries at or very 
close to the bifurcation, then there is no room to 
occlude proximally of the stenosis the artery in 
which the stenosis occurs. Instead, the common 

40 carotid artery must be occluded proximal of the 
bifurcation. When the common carotid artery Is 
occluded proximal to the bifurcation, the resulting 
blood flow pattern may be of one of two forms. The 
blood may flow retrograde in the external carotid 

45 artery toward and distally through the internal ca- 
rotid artery, or in the opposite direction, retrograde 
in the internal carotid artery toward and distally 
through the external carotid artery. The direction of 
blood flow differs from individual to individual and 

50 cannot be predicted. The present invention takes 
into account this phenomenon and provides meth- 
ods and devices for establishing retrograde flow in 
the internal carotid artery to prevent debris from 
flowing distally toward the Circle of Willis or other 
critical arteries, even If flow is antegrade in the 
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internal carotid artery when the common carotid 
artery first is occluded. 

The catheter system for achieving retrograde 
flow and treatment employs at least two compo- 
nents, an intervention component, such as a con- 
ventional dilatation balloon and an occlusion com- 
ponent. The occlusion component may be used to 
circumferentially seal a vessel lumen and promote 
retrograde flow of blood away from the Circle of 
Willis or other critical arteries and toward either an 
external carotid artery or a central shaft of the 
occlusion component. The circumferential seal also 
prevents leakage of the debris at the occlusion 
component-vessel wall interface. The intervention 
component and the occlusion component may be 
mounted together on a single catheter or sepa- 
rately on two-coaxial catheters. Two occlusion 
components may be required to establish the prop- 
er retrograde flow. 

Preferably, the occlusion component includes 
an elastic balloon carried on a guide catheter, the 
occlusion balloon being secured at or near the 
distal end of the guide catheter. Preferably the 
balloon is capable of expanding at least about 
500%. and the guide catheter preferably has a 
through lumen with an inner diameter of about 
.068". An inflation lumen passes axially through the 
guide catheter and communicates with the interior 
of the occlusion balloon. An efflux port in the guide 
catheter is located just distally of the occlusion 
balloon and communicates with a central lumen 
that passes axially through the guide catheter, en- 
abling fluid and debris to be carried through the 
guide catheter towards its proximal end. 

The intervention component may be a single 
component such as a dilatation balloon catheter or 
may be multiple components such as, for example, 
two dilatation balloon catheters. The dilatation bal- 
loon catheter(s) may be delivered to the stenosis 
through a lumen extending axially through the 
guide catheter. According to this construction, the 
dilatation balloon(s) may be placed independently 
of the occlusion balloon. 

The catheter of the invention can be used in a 
method for treating a stenosis disposed in both an 
internal carotid artery and an external carotid artery 
at a location close to the bifurcation. Preferably, a 
guide catheter canning an occlusion balloon is 
advanced into the common carotid artery until the 
occlusion balloon is positioned at a location just 
proximal to the bifurcation of the external carotid 
artery and the internal carotid artery. The guide 
catheter has a valve disposed at its proximal end to 
prevent blood from flowing down its central lumen. 
The occlusion balloon then is inflated to occlude 
the flow of blood through the common carotid 
artery. It Is then detemnined whether blood is flow- 
ing retrograde In the external carotid artery toward 


the internal carotid artery or retrograde in the inter- 
nal carotid artery toward the external carotid artery. 
The valve in the guide catheter then is opened, and 
an intervention component, preferably a dilatation 

5 balloon catheter, is Introduced through the central 
lumen of the guide catheter and is positioned 
across the stenosis in the internal carotid artery. 
Another intervention component, preferably a di- 
latation balloon catheter, is introduced in the same 

70 manner and is positioned across the stenosis in the 
external carotid artery. The valve then is closed 
and both dilatation balloons are inflated according 
to standard treatment procedures. Assuming that 
occlusion of the common carotid artery resulted in 

J5 blood flow retrograde from the internal carotid ar- 
tery to the external carotid artery, the dilatation 
balloon in the internal and external carotid arteries 
are deflated. This reestablishes retrograde flow in 
the internal carotid artery toward the external ca- 

20 rotid artery. Consequently, all debris will flow in a 
direction away from the Circle of Willis and other 
critical arteries and distally out the external carotid 
artery. After flushing, the occlusion balloon may be 
deflated and removed, thus reestablishing normal 

25 antegrade flow. 

The catheter of the present invention can also 
be used in a second method for treating a stenosis 
located in both an internal carotid artery and an 
external carotid artery at a location near the bi- 

30 furcation. This method is employed when occlusion 
of the common carotid artery results in blood flow- 
ing retrograde in the external carotid artery toward 
and distally through the internal carotid artery. The 
common cerebral artery is occluded, preferably 

35 with a guide catheter carrying an occlusion balloon. 
After determining the direction of blood flow, two 
intervention components, preferably balloon dilata- 
tion catheters, are positioned, one each in the 
internal and external carotid arteries. The balloons 

40 then are inflated to treat the stenosis. The dilatation 
balloon in the Internal carotid artery then is deflated 
while the dilatation balloon in the external carotid 
artery remains inflated to establish retrograde pres- 
sure in the intemal carotid artery. A valve at the 

45 proximal end of the central lumen of the guide 
catheter then is opened, which creates a low pres- 
sure outlet for blood and establishes retrograde 
flow allowing any debris resulting from the dilata- 
tion to flow away from the Circle of Willis and other 

50 critical arteries and down the central lumen of the 
guide catheter. The dilatation balloon in the internal 
carotid artery then Is re-inflated and both the oc- 
cluding balloon in the common carotid artery and 
dilatation balloon in the external carotid artery are 

55 deflated to establish antegrade flow In these ves- 
sels. Any debris which remains at the bifurcation 
will be flushed distally through the external carotid 
artery by the antegrade flow. Once the debris has 
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been flushed, the dilatation balloon in the internal 
carotid artery is deflated and removed, reestablish- 
ing all normal antegrade flow. 

Tile catheter of the present invention, can fur- 
ther be used in a method for treating a stenosis 5 
located only in the internal carotid artery, but at a 
location close to the bifurcation. The occlusion 
guide catheter is advanced in the common carotid 
artery to a location proximal to the bifurcation and 
the occlusion balloon attached to the guide cath- io 
eter is inflated until the flow of blood through this 
artery is totally occluded. The direction of blood 
flow In the internal and external carotid artery then 
is determined. If blood flows retrograde in the inter- 
nal carotid artery toward and distaily through the 75 
external carotid artery, then the stenosis may be 
treated with no occlusion within the external carotid 
artery. Preferably, a dilatation balloon catheter is 
Introduced through the central lumen of the guide 
catheter and the dilatation balloon is positioned in 20 
the internal carotid artery at the stenosis. The di- 
latation balloon then is inflated to treat the stenosis. 
Next, the dilatation balloon Is deflated, and retro- 
grade flow in the internal carotid artery will flush 
away any debris in the internal carotid artery safely 25 
away from the Circle of Willis and otiier critical 
arteries and distaily through the external carotid 
artery. Upon removal of the debris, the occlusion 
balloon is deflated to reestablish normal antegrade 
flow throughout the carotid arteries. This procedure 30 
has been described using a separate guide cath- 
eter and dilatation catheter. It also could be per- 
formed using a single common catheter having 
attached to it the dilatation balloon and the occlu- 
sion balloon. ds 

The catheter of the present Invention, can also 
be used in a method for treating a stenosis located 
only in the internal carotid artery near the bifurca- 
tion. This method is employed when it is deter- 
mined that occlusion of the common carotid artery 40 
causes the blood to flow retrograde in the external 
carotid artery toward and distaily through the inter- 
nal carotid artery, in this instance, a second occlu- 
sion balloon is positioned in the external carotid 
artery and is inflated to stop the retrograde flow in 45 
the external carotid artery. This allows the neces- 
sary retrograde pressure in the internal carotid ar- 
tery to be established. By providing a low pressure 
outlet for blood, retrograde flow of blood in the 
internal carotid artery may be established. A low so 
pressure outlet may be provided for example 
through the lumen of a guide catheter carrying the 
balloon occluding tiie common carotid artery. De- 
bris caused by treatment of the stenosis in the 
internal carotid artery then may be flushed safely 55 
away from tiie Circle of Willis and other critical 
arteries through the catheter. 

The catheter of the present invention, can fur- 


ther be used in a method for treating a stenosis 
located solely in an internal carotid artery distal the 
bifurcation. In this Instance, an occlusion balloon 
preferably earned on a guide catheter is inserted 
and advanced into the intemal carotid artery, distal 
the bifurcation but proximal of the stenosis. Once 
the occlusion balloon is inflated, antegrade flow in 
the internal carotid artery ceases. An intervention 
component such as a dilatation catheter then is 
Inserted via a lumen in the guide catheter Into the 
internal carotid artery distal of the occlusion balloon 
and is positioned at the stenosis. After treatment of 
the stenosis, the dilatation catiieter may be re- 
moved. Then, by providing a low pressure outlet 
for the intemal carotid artery (such as by opening 
of a valve at the proximal end of the guide cath- 
eter), blood will flow retrograde in the internal ca- 
rotid artery and debris may be flushed safely away 
from the Circle of Willis and otfier critical arteries 
through the catheter. 

It is an object of the invention to reduce the 
risk of microemboHc cerebral vessel occlusion 
when treating a stenosed cerebral artery. 

Another object of the invention is to provide 
devices for occluding a cerebral artery in a manner 
to permit tfie removal of debris associated with 
treating a stenosis. 

Another object of the invention is to provide 
devices for treating a cerebral artery at a location 
close to the bifurcation of the internal carotid artery 
and the external carotid artery. 

Another object of the invention is to provide a 
catheter which permits the collection and safe re- 
moval of debris when treating a stenosis at the 
bifurcation of the internal and external arteries. 

Another object of the invention is to provide a 
catheter which can be used to occlude a cerebral 
artery in such a manner as to permit debris to be 
flushed out an extemal carotid artery. 

Yet another object of the invention is to provide 
a catiieter which can be used to occlude internal 
and extemal carotid arteries in such a manner that 
debris will be flushed down a central lumen of an 
occlusion catheter. 


Brief Description of tiie Drawings 

Figure 1A-1C illustrate views of an occlusion 

balloon utilized in the present Invention; 

Figures 2A-2H illustrate one method of use of a 

catheter of the present invention; 

Figures 3A-3I illustrate a second method of use 

of a catheter of the present invention; 

Rgures 4A-4E illustrate a third method of use of 

a catheter of the present invention; 

Figures 5A-5G illustrate a fourth method of use 

of a catheter of the present invention; and 
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Figures 6A-6D illustrate a fifth method of use of 
a catheter of the present invention. 

Detailed Description of the Preferred Embodiments 

The preferred embodiments of the angioplasty 
system of this invention will be described with 
reference to the accompanying drawings. 

All of the described methods utilize in the 
preferred embodiment an occlusion catheter ca- 
pable of occluding the flow of blood in a cerebral 
artery. Referring to Rgs. 1A-1C. the prefen^ed oc- 
clusion catheter includes a guide catheter 10 hav- 
ing an occlusion balloon 12 attached to its distal 
end. The occlusion balloon 12 Is a length of tubular 
material coaxially disposed upon and surrounding 
the guide catheter 10. The occlusion balloon 12 is 
secured to the guide catheter 1 0 by dacron threads 
9 wound tightly about the balloon at opposite ends. 
The leading edge 14 of the occlusion balloon 12 Is 
located 4 mm from the flexible soft tip 16 of the 
guide catheter 10. An inflation lumen 18 extends 
substantially the length of the guide catheter and 
communicates with the interior space of the occlu- 
sion balloon 12. The guide catheter 10 also has a 
much larger central lumen 20 which extends the 
length of the guide catheter 10 and is open at 
either end. Preferably, the outside diameter of the 
guide catheter 10 is .11 inches while the inside 
diameter of the central lumen 20 is about .068 
inches. 

The minimum inner diameter of the central 
lumen is selected to be large enough to still permit 
the introduction of both a treatment device and a 
second occlusion device in the event that the exter- 
nal carotid artery must be occluded in addition to 
the common carotid artery. If a dilatation catheter is 
used to perform the second occlusion, the mini- 
mum inner diameter of the central lumen is about 
.038" which would be large enough to accept si- 
multaneously a small dilatation catheter (outer di- 
ameter of .020") and a small treatment device such 
as a laser catheter, while still permitting blood to 
flow through this central lumen when the lumen is 
used to flush debris from a vessel. In the preferred 
embodiment, two dilatation catheters are passed 
through this lumen. In order to permit room for two 
small dilatation catheters and still permit the flow of 
blood, the inner diameter of the central lumen 
should be at least about 0.05". In the most pre- 
fenred embodiment of the invention, the inner diam- 
eter of the central lumen Is .068" which permits 
room for two dilatation catheters with outer diam- 
eters of .03" while still permitting flow of blood. 

The preferred occlusion balloon is capable of 
forming a seal against a vessel wall to occlude the 
flow of blood in that vessel and. in particular, a 
cerebral vessel. Unlike a dilatation balloon, the oc- 


clusion balloon is not formed to have a fixed out- 
side diameter upon inflation, but rather is capable 
of expanding at least about 500 percent, thereby 
allowing it to be used in vessels of varying size. 

5 Moreover, the balloon flexibly expands upon the 
application of relatively low pressures so that oc- 
clusion may be effected without any substantial 
dilatation. Preferably, sufficient expansion for occlu- 
sion is effected with less than one atmosphere of 

70 pressure, which easily may be established using a 
hand-held syringe. Furthermore, the balloon prefer- 
ably will burst long prior to the application of pres- 
sures sufficient to cause substantial injury to a 
vessel wall. 

75 The most prefenred balloon is formed of latex 
having a thickness of not less than .004 inches, 
and most preferably has a thickness of about .009 
inches. This balloon will expand to a maximum 
outer diameter of about 20 mm upon application of 

20 less than one atmosphere of pressure. Such a 
balloon Is capable of expanding approximately 700 
to 800 percent from its non-stressed resting diam- 
eter about the catheter. The balloon also may be 
formed from other materials which have the requi- 

25 site properties, including for example silicone rub- 
ber which will expand from 600 to 700 percent of 
its resting diameter or polyurethane which will ex- 
pand about 500 percent of its resting diameter. 
The guide catheter of the invention may be 

30 used in conjunction with various treatment means 
or occlusion catheters depending upon the location 
of the stenosis, the blood flow dynamics and the 
dimensions of the vessel to be treated. Conse- 
quently, the guide catheter preferably is packaged 

35 separately with instructions for its use in occluding 
a cerebral vessel during treatment of a stenosis as 
described herein. 

As stated in greater detail above, when treating 
a stenosis in a cerebral artery, care must be taken 

40 to prevent any debris or plaque from flowing dis- 
tally through the internal carotid artery to narrower 
vessels and causing trauma. Depending upon the 
location of the stenosis and flow patterns resulting 
from the Inflation of an occlusion balloon in the 

45 common carotid artery, different methods must be 
performed in order to prevent such trauma. 

The guide catheter of the invention can be 
used in a variety of ways. In a first method a 
stenosis 22 located in both an intemal carotid ar- 

50 tery 24 and an external carotid artery 26 at or close 
to their bifurcation is treated. Figure 2A illustrates 
normal antegrade blood flow, flow direction being 
indicated by arrows. A guide catheter 10 with a 
distal occlusion balloon 12 then is advanced dis- 
ss tally In the left sutjclavian artery until the occlusion^ 
baltoon Is positioned proximal to the bifurcation. 
(Rgure 2B). The occlusion balloon 12 then Is in- 
flated until the artery is totally occluded (Rgure 
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2C). It then is determined whether the blood flows 
retrograde in the internal carotid artery toward the 
externa) carotid artery or retrograde in the external 
carotid artery toward the internal artery. If it is 
determined that blood is flowing retrograde in the 5 
internal carotid artery toward the external carotid 
artery (FIG. 2C). the following procedure is fol- 
lowed. Dilatation balloon catheters 30 and 32 are 
passed through the central lumen of the guide 
catheter 10, one dilatation balloon 34 being posi- io 
tioned across the stenosis In the internal carotid 
artery and the other dilatation balloon 36 being 
positioned across the stenosis in the external ca- 
rotid artery. Both dilatation balloons 34. 36 then are 
inflated to treat the stenoses (Rgure 2D). Blood is 
flow in all directions is stopped at this time. After 
the dilatation balloons have reached their desired 
pressures and the stenoses have been treated, tiie 
dilatation balloon 36 in the external carotid artery 
26 is deflated and the dilatation catheter 32 is 20 
removed (Figure 2E)- The dilatation balloon 34 in 
the internal carotid artery 24 then is deflated and 
the catheter 30 is removed, thereby reestablishing 
retrograde flow in the internal carotid artery 24 
toward the external carotid artery 26. This flow will 25 
flush any undesirable debris safely away from the 
Circle of Willis and other critical arteries toward 
and through the externa! carotid artery (Rgure 2F). 
Once the debris is flushed away, the occluding 
balloon 12 is deflated (Rgure 2G) and removed to 30 
reestablish antegrade flow throughout the carotid 
arteries (Figure 2H). 

In a second metiiod for treating a stenosis 
located in the external carotid artery and the inter- 
nal carotid artery at or close to tiieir bifurcation, a 3S 
guide catiieter 10 with a distal occlusion balloon 12 
is placed in the common carotid artery proximal of 
the bifurcation 28 (Rgure 3A) and the occlusion 
balloon 12 is inflated until the artery is totally 
occluded. If it is determined that occlusion results 40 
in blood flowing retrograde in the external carotid 
artery 26 and continued antegrade in the internal 
carotid artery 24 (Rgure 3B), then the following 
procedure is employed. A pair of dilatation balloon 
catheters 30 and 32 are inserted through the cen- 45 
tral lumen of tiie guide catheter 10 until dilatation 
catheter 30 is disposed in the internal carotid artery 
24 and dilatation catheter 32 Is disposed in the 
external carotid artery 26, Botii dilatation balloons 
34. 36 are subsequently inflated to treat tiie so 
stenoses 2 (Rgure 3C). At tiiis time, the blood is 
motionless at the bifurcation. After sufficient dilata- 
tion treatment, dilatation balloon 30 in the internal 
carotid artery 24 is deflated. Then, a valve (not 
shown) at the proximal end of the dilatation cath- 55 
eter 30 is opened to provide a low pressure outlet 
for the internal carotid artery 24 and to establish 
retrograde blood flow In the internal carotid artery 


24 to flush any of the plaque that has been dislod- 
ged from the stenosis 22 down the central lumen 
20 of the guide catheter 10 (Rgure 3D). Once the 
debris has been flushed safely from the internal 
carotid artery 24 the dilatation balloon 30 in the 
internal carotid artery 24 is re-inflated (Rgure 3E). 
Then, botti the occlusion balloon 12 (Rgure 3F) 
and the dilatation balloon 36 in the external carotid 
artery are deflated (Rgure 3G). Any plaque remain- 
ing at the bifurcation will be flushed dtstally through 
the external carotid artery by the antegrade blood 
flow which is re-established. By keeping the dilata- 
tion balloon 34 in the internal canDtid artery 24 
inflated, the internal carotid artery 24 remains bloc- 
ked to prevent any of the debris from flowing 
through the internal carotid artery 24. After flushing, 
the dilatation balloon 34 in the internal carotid ar- 
tery may be deflated and removed, returning blood 
flow to normal antegrade flow (Rgure 3H). The 
guide catheter 10 is withdrawn (Rgure 31). 

In another method for treating a stenosis lo- 
cated substantially in an internal carotid artery and 
near ttie bifurcation, the guide catheter 10 is placed 
in the common carotid artery with the occlusion 
balloon 12 located just proximal to the bifurcation 
28 (Figure 4A). The occlusion balloon 12 is inflated 
until the flow of blood through the common carotid 
artery is totally occluded. After occluding the com- 
mon carotid artery, the direction of blood flow then 
is determined. If it is detemiined that blood flows 
retrograde In the internal carotid artery 24 toward 
and distally through the external carotid artery 26 
(Figure 4B) then the following procedure is em- 
ployed. A dilatation catheter 30 is inserted through 
the central lum.en 5 of the guide catheter 10 and 
into the intemal carotid artery 24. with the dilatation 
balloon placed across the stenosis 22. The stenosis 
22 then is treated by inflating the dilatation balloon 
34. Upon the inflation of tiie dilatation baltaon 34. 
the blood flow becomes motionless (bars Rgure 
4C). After treatment of the stenosis 22 the dilatation 
balloon 34 Is deflated, which causes tiie resump- 
tion of retrograde flow in the internal carotid artery 
24, thus flushing away any plaque toward and 
distally through the external carotid artery (Rgure 
4D). Once the plaque is safely removed, the occlu- 
sion balloon guide catheter 10 is removed to re- 
establish normal antegrade flow throughout both 
carotid arteries (Rgure 4E). 

Figures 5A-5G illustrate yet another method for 
treating a stenosis located in the intemal carotid 
artery close to the bifurcation, in which a guide 
catheter 10 is placed in the common carotid artery 
which the occlusion balloon 12 positioned just 
proximal of the bifurcation 28 Rgure 5A). After 
inflating this occlusion balloon 12, the flow of blood 
through the common carotid artery is totally oc- 
cluded (Figure 58). If it is determined that blood 
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flows retrograde in the external carotid artery 26 
toward and distally through the internal carotid ar- 
tery 24 (Figure 5C) then the following procedure is 
carried out. A catheter 40 having a second occlu- 
sion balloon 42 attached at its distal end is inserted 
through the central lumen 20 of the guide catheter 
10 and is positioned in the external carotid artery 
26. Upon inflation of the second occlusion balloon 
42. blood Is prevented from flowing retrograde in 
the external carotid artery 26, thus leaving the 
blood motionless (Figure 5D). Next treatment of the 
stenosis 22 is performed by advancing a dilatation 
balloon catheter 30 through the central lumen 20 of 
the guide catheter 10, positioning the dilatation 
balloon 34 In the intemal carotid artery at the 
stenosis 22, and inflating the dilation balloon 34 
(Figure 5E). After treatment, the dilatation balloon 
34 Is deflated and a valve (not shown) at the 
proximal end of the guide catheter 10 is opened to 
provide a low pressure outlet for the internal carotid 
artery 24 and to establish retrograde flow in the 
internal carotid artery 24. This retrograde flow 
flushes plaque safely out of the intemal carotid 
artery 24 via the central lumen 20 of the guide 
catheter (Rgure 5F). The occlusion ballon 42 of 
occlusion catheter 40 subsequently is deflated and 
removed through the central lumen 20 of the guide 
catheter 10. The occlusion balloon 12 of the guide 
catheter 10 also is deflated in order to reestablish 
normal antegrade flow (Figure 5G). Then, the guide 
catheter 10 is removed. 

The occlusion catheter of the present invention 
can also be used for treating a stenosis located in 
the internal carotid artery distal to the bifurcation, 
by advancing a guide catheter 10 Into the internal 
carotid artery until occlusion balloon 12 is posi- 
tioned distal to the bifurcation. The occlusion bal- 
loon 12 then is inflated (Figure 6A.). Treatment of 
the stenosis 22 in the internal carotid artery 24 
distal of the occlusion is performed by a dilatation 
catheter 30 (Figure 6B). Then, a valve (not shown) 
at the proximal end of the catheter is opened to 
provide a low pressure outlet for the blood in the 
intennal carotid artery 24 to establish retrograde 
flow therein. This retrograde flow flushes debris 
safely from the intemal carotid artery via the lumen 
20 of the guide catheter (Figure 6C). Once the 
debris has been flushed, the occlusion balloon 12 
is deflated, returning blood flow to normal anteg- 
rade flow (Rgure 6D). 

In the event that the stenosis occurs in the 
external carotid artery distal the bifurcation, the 
common carotid artery need not necessarily be 
occluded. The external carotid artery may be oc- 
cluded proximal the stenosis and distal the bifurca- 
tion, while normal antegrade flow up the intemal 
carotid artery remains uninterupted. Thus, the dif- 
ferent methods of the present invention each pre- 


vent the flow of debris, caused by treatment of a 
stenosis, from flowing distally through the Internal 
carotid artery of the patient and creating trauma. 
It should be understood that the foregoing de- 
5 scription of the invention is intended merely to be 
illustrative thereof and that other embodiments, 
modifications and equivalents may be apparent to 
those skilled in the art without departing from a 
spirit. 
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Claims 

1 . An occlusion catheter for use during therapeutic 
75 intervention of a blood vessel for flushing away 

debris, characterised by an elongated guide cath- 
eter (20) sized to be introduced into the blood 
vessel lumen, an occlusion balloon (12) located on 
said guide catheter or near the distal end of said 

20 catheter, and an inflation lumen (18) integral with 
said guide catheter (20) and communicating with 
the interior of said balloon enabling the balloon to 
be inflated forming a seal between the balloon and 
a vessel wall proximally of the therapeutic interven- 

25 tion. said balloon being capable of expanding to at 
least five times its deflated diameter when inflated. 

2. An occlusion catheter as claimed in claim 1 
characterised in that said lumen (18) of said guide 
catheter has an inner diameter of at least .068". 

30 3. An occlusion catheter as claimed in claim 1, 
characterised in that said lumen (18) of said guide 
catheter has an inner diameter capable of permit- 
ting the passage of a dilatation balloon catheter 
and a treatment device. 

35 4. A packaged catheter system for use in treating a 
stenosis in a cerebral vessel characterised by a 
guide catheter (20) having attached at its distal end 
an elastic occlusion balloon (12) capable of ex- 
panding to at least 500% of Its deflated, size with- 

40 out bursting, and having a guide lumen (18) ex- 
tending therethrough for receiving at least one 
treatment device, said guide lumen having an inner 
diameter of at least .038"; instructions describing 
the use of the catheter to occlude a cerebral vessel 

45 during treatment of a stenosis, and a package 
containing the guide catheter and instructions. 
5. A packaged catheter system as claimed in claim 
4. characterised in that said inner diameter of said 
guide catheter (20) is at least .068^ 

50 6. An occlusion catheter for use during therapeutic 
intervention of a blood vessel for flushing away 
debris, characterised by a catheter (20), an occlu- 
sion balloon (12), attached proximally of the distal 
end of said catheter for occluding said blood vessel 

55 proximal a stenosis, a dilatation balloon disposed 
distal said occlusion balloon on said catheter for 
treating said stenosis, a first balloon inflation lumen 
for inflating said occlusion balloon, and a second 
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inflation lumen for inflating said dilatation balloon. 
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